Vitamin D metabolite levels were measured in 174 normal children throughout the year. 25-hydroxyvitamin D3 (25(OH)D3) and 24,25-dihydroxyvitamin D3 (24,25(OH)2D3) levels showed a seasonal variation; both levels were higher in summer than in winter ( p < 0.001 for both). There was a fall in the 1,25-dihydroxyvitamin D (1,25(OH)2D) level in August and September ( p < 0.001), which coincided with a rise in mean 25(OH)D3 and 24,25(OH)2D3 levels. An inverse correlation was seen between 1,25(OH)2D and 24,25(OH),D3 levels ( r = -0.233; p < 0.01). 25(OH)D3 levels increased with age only for winter values (<3 years, 11.70 f 3.98 ng/ml; 3-1 1 years, 18.38 f 1.65 ng/ml; >I1 years, 23.60 f 4.60 ng/ml) while 1,25(OH),D and 24,25(OH)& levels did not show an age-related difference. Intake of multivitamins had an interesting effect on 25(OH)D, and 24,25(OH)2D3 levels in the winter but not in the summer; the endogenous metabolite levels were lower in the vitamin supplemented children [25(OH)D3: 23.05 f 7.35 versus 15.77 f 5.51 ng/ml, p < 0.001; 24,25(OH)2D3: 2.30 .+ 1.11 versus 1.66 f 0.88 ng/ml, p < 0.051. Children studied in the winter who were not receiving supplemental vitamins were older than those who did receive the vitamins (7.26 f 2.64 versus 5.42 f 3.17 years; p < 0.01). Sixteen of the children had both winter and summer measurements. Their 25(OH)D3 and 24,25(OH)2D3 levels showed the same seasonal variation as the overall group data, while their 1,25(OH)2D levels showed no consistent pattern. Our data suggest that establishing normal pediatric values for 25(OH)D3, 1,25(OH)2D, and 24,25(OH),D3 requires consideration of season, age, and supplemental vitamin D intake, and that such information be available to investigators in order to make meaningful interpretations of vitamin D metabolite levels in disease states. Major advances in our understanding of vitamin D metabolism over the past 15 years (7, 18) have led to increased interest in the study of vitamin D metabolite levels in a variety of disease states, with or without concomitant vitamin D therapy (3, 10, 1 1, 19, 20, 2 1, 23, 25, 28). As with any new laboratory assay, normal values first had to be established, with consideration given to the influence of age and sex on these values. With regard to the major vitamin D metabolites, 25(OH)D3, 1,25(OH)?D,
dihydroxyvitamin D (1,25(OH)2D) level in August and September ( p < 0.001), which coincided with a rise in mean 25(OH)D3 and 24,25(OH)2D3 levels. An inverse correlation was seen between 1,25(OH)2D and 24,25(OH),D3 levels ( r = -0.233; p < 0.01). 25(OH)D3 levels increased with age only for winter values (<3 years, 11.70 f 3.98 ng/ml; 3-1 1 years, 18.38 f 1.65 ng/ml; >I1 years, 23.60 f 4.60 ng/ml) while 1,25(OH),D and 24,25(OH)& levels did not show an age-related difference. Intake of multivitamins had an interesting effect on 25(OH)D, and 24,25(OH)2D3 levels in the winter but not in the summer; the endogenous metabolite levels were lower in the vitamin supplemented children [25(OH)D3: 23.05 f 7.35 versus 15.77 f 5.51 ng/ml, p < 0.001; 24,25(OH)2D3: 2.30 .+ 1.11 versus 1.66 f 0.88 ng/ml, p < 0.051. Children studied in the winter who were not receiving supplemental vitamins were older than those who did receive the vitamins (7.26 f 2.64 versus 5.42 f 3.17 years; p < 0.01). Sixteen of the children had both winter and summer measurements. Their 25(OH)D3 and 24,25(OH)2D3 levels showed the same seasonal variation as the overall group data, while their 1,25(OH)2D levels showed no consistent pattern. Our data suggest that establishing normal pediatric values for 25(OH)D3, 1,25(OH)2D, and 24,25(OH),D3 requires consideration of season, age, and supplemental vitamin D intake, and that such information be available to investigators in order to make meaningful interpretations of vitamin D metabolite levels in disease states. We undertook the following study of vitamin D metabolite levels in a normal pediatric population for several reasons. First, there are no reports of normal values in children living in the densely populated northeastern United States; most of the data are from children living in the midwestern United States or Europe (2, 4, 16, 17, 22) . Second, previous studies of normal vitamin D metabolite levels in children did not measure all three major metabolites in the same child but measured only one and in some cases two of these metabolites (2, 4-6, 14, 16, 17, 22, 24, 30) . We felt it was important to measure these three metabolites in relation to each other, since their interrelationship may be important in various disease states. Finally, none of the previous studies have measured all three major vitamin D metabolites in the same group of children in both summer and winter. We were interested to learn if seasonal variation [e.g., for 25(OH)D3 and possibly for 24,25(OH)?D3] previously reported for group data (2, 5, 13, 14, 22, 29) was also present in individual patients.
MATERIALS AND METHODS
Paticnt.s. Heparinized blood samples were obtained from 174 healthy children between the ages of 1.5 and 19 years over a 1.5-year period, after informed consent was given by the parents. Specimens were drawn in the morning. These children were part of a varicella vaccine study. Sixteen ofthe children had specimens drawn during both the winter and summer seasons within a 1-year period. Plasma was removed and stored at -20°C until analyzed.
Vitamin D tnetabolites. [26,27- 
RESULTS
The data presented for 25(OH)D3 and 24,25(0H)?D3 were separated by season (winter: October-May; summer: July-September). No specimens were obtained in the month of June. This separation was based upon previous reports on seasonal variation and knowledge of maximum sunlight exposure in the Philadelphia area.
25(OH)D3. The mean value was 17.45 + 6.57 ng/ml for 128 children studied in the winter and 34.67 + 10.28 ng/ml for 46 children studied in the summer. The difference between means was statistically significant ( p < 0.00 1). Figure 1 shows the mean values for each month. Values were higher in the summer than in the winter, with a statistically significant difference of means ( p < 0.00 1).
There were no significant differences between male and female values for either winter or summer. Values grouped by age and season are shown in Table 1 (Fig. 3) . There was no difference in means for 1 ,25(OH)2D when analyzed by age (Table 1) or by sex for each season. 24,25(OH,hD3. The mean value was 1.77 + 0.92 nglml (n = 128) for winter specimens and 3.89 + 1.48 ng/ml (n = 46) for summer specimens ( p < 0.001). Presented in Figure 4 are the means by months, which revealed a significant rise in the summer ( p < 0.001). A direct correlation existed between 25(OH)D3 and 24,25(OH),D3 ( r = 0.773; p < 0.001), which has been reported by others (6, 14, 28, 29) .
24,25(OH)?D3 levels did not vary significantly with age in either summer or winter (Table 1) or with sex. As shown in Figure 5 , our method separated 24,25(OH)rD3 from the 25-hydroxyvitamin D3 26,234actone.
Vitumin intake. We reanalyzed our data by comparing vitamin D metabolite levels in children who were or were not receiving supplemental standard multivitamins (including vitamin D) in the winter and summer months ( Table 2 ). Both 25(OH)D3 and 24,25(OH)*D3 were higher in children not receiving vitamin supplements, but only in the winter ( p < 0.001, p < 0.05, respectively). Children studied in the winter who were not receiving supplemental vitamins were older than those who did receive the vitamins. That the observed age-related difference in 25(OH)D3 levels for all winter specimens was in fact due to age and not to vitamin D intake was confirmed by analysis of only those winter specimens from children who took multivitamins regularly (<3 years, 10.48 + 3.10 ng/ml; 3-1 1 years, 16.59 + 5.12 ng/ml; > I 1 years, 24.14 f 0.57 ng/ml; p < 0.001). No Children studied in both seasons. Figure 6 shows the vitamin D metabolite values for the 16 children from whom we obtained both winter and summer specimens. In all cases, the summer values were higher than the winter values for both 25 (2, 5) . This variation in 25(OH)D3 most likely results from the degree of sunlight exposure (22) . With regard to 1,25(OH)?D, our levels agreed with some previous reports (4,24) and were higher than reported for normal adults (5). There was no overall seasonal variation (5, 29) but in contrast to the findings of Juttmann et al. (13) , we noted a fall We did show an inverse correlation between 1,25(OH)zD and 24,25(OH)?D3, which has not been reported previously. These findings could reflect an effect of increased 25(OH)D3 on the reciprocal activities of the la-hydroxylase and 24R-hydroxylase, since it has been demonstrated in rats and chicks that exogenously administered vitamin D caused a decrease in la-hydroxylase activity and a reciprocal increase in 24R-hydroxylase activity (9, 27 ).
An additional new finding in this study was an age-related increase in 25(OH)D3 levels: This was in-contrast t~-~r e v i o u s reports (5, 17) . This difference was only apparent when the values were broken down by season, and then only for the winter. It may be that true age-related variations are obscured when there is increased sunlight exposure. It appeared that the other authors did not break their age data down by season. Because of the seasonal variation, it is necessary to do this, unless all specimens were collected in one season. Since older children may be less likely to take multivitamins regularly and the observed agevitamin intake and season* related difference could be a result of this, we looked at the winter specimens from only those children who took multivitamins regularly. We still found a significant age-related difference between the younger children and the older children, suggesting that age exerts a real influence on 25(OH)D3 levels. Children with metabolic bone disease studied in the winter should perhaps have their 25(OH)D3 levels compared to age-matched normal values. a caution not needed in the summer. We, as others (6, 17) , did not note a significant age-related difference for 24,25(OH)?D3 in general, or when factored for season. We were also unable to show age-related differences for 1,25(OH)?D, as shown by others (4, 16) . This may have been due to the small number of older children we had in our study, who in previous reports (4, 16) have been shown to have higher values of 1,25(OH)?D. Aksnes and Aarskog (1) also reported that 1,25(OH),D levels were directly related to pubertal stages. We did not know the pubertal stages of our adolescent subjects so we cannot comment upon the possible influence of this factor on our results.
Intake of multivitamins had an interesting effect on 25(OH)D3 and 24,25(0H)zD3 levels in the winter but not in the summer; the endogenous metabolite levels were lower in the vitaminsupplemented children. Others have examined the effect of vitamin D intake on total 25(OH)D but not on 25(OH)D3 (15, 22) . Poskitt et a/. (22) showed no difference in 25(OH)D levels between those with and those without regular vitamin intake. Lund and Serrensen (1 5) were able to show a seasonal variation for 25(OH)D only in those without regular vitamin intake. We were able to show a seasonal variation for both those with and those without regular vitamin intake ( Table 2 ). Since both D2 and D3 have the same effect on 25-hydroxylase activity (3 l), the possibility exists that in those children on regular vitamin D2 intake there is a certain amount of competitiveness between Dz and D, for the 25-hydroxylase system which could result in a lower 25(OH)D3 level. Another explanation for these results might be that the children not receiving multivitamins in the winter happened to be older than those who did receive vitamins. These metabolite levels might thereby reflect the effect of age and not supplemental vitamin intake. Caution should be exercised in evaluating the vitamin D status of patients, especially those receiving any form of vitamin D2 supplementation. In these cases, measurement of total 25 (12) . Therefore, the true contribution of multivitamins to the 1,25(OH)*D level is unknown.
An additional purpose of this study was aimed at determining whether or not seasonal variations in vitamin D metabolites would exist for individual children studied serially as well as for groups of children studied once. Our data revealed that this was in fact the case for 25(OH)D3 and 24,25(OH)2D3. The mean values for the 16 children so studied were quite similar for 25(OH)D3 and 24,25(OH)?D3 when compared to the overall group data. The mean values for 1,25(OH),D were slightly lower than the overall group data. These data provide evidence that the seasonal variation or lack of it is real and individual and not just a phenomenon of grouped data.
In summary, our data suggest that establishing normal pediatric values for the major vitamin D metabolites, 25(OH)D,, 1,25(OH)?D, and 24,25(OH)?D3, requires consideration of three major modifying factors: season, age, and supplemental vitamin D intake. These factors individually or in combination exert different effects on each metabolite. Such information should be available in each investigator's laboratory in order to make meaningful interpretations of vitamin D metabolite levels in disease states.
